We have determined the minimum alveolar concentration (MAC) MAC, an estimate of anaesthetic requirement, is that alveolar concentration of anaesthetic at which 50 % of patients move in response to a single stimulus (usually skin incision) [1] . The anaesthetic ED 95 (AD 95 )-the concentration that prevents 95 % of patients from moving in response to skin incision-is clinically more useful than MAC [2] . Of the many factors known to influence MAC or AD 95 , age is one of the most important. An inverse relationship between age and anaesthetic requirement has been reported for other anaesthetics [3, 4] . The purpose of the present study was to determine if the MAC value of sevoflurane changes with age and, if so, to quantify the magnitude of the change.
MAC, an estimate of anaesthetic requirement, is that alveolar concentration of anaesthetic at which 50 % of patients move in response to a single stimulus (usually skin incision) [1] . The anaesthetic ED 95 (AD 95 )-the concentration that prevents 95 % of patients from moving in response to skin incision-is clinically more useful than MAC [2] . Of the many factors known to influence MAC or AD 95 , age is one of the most important. An inverse relationship between age and anaesthetic requirement has been reported for other anaesthetics [3, 4] . The purpose of the present study was to determine if the MAC value of sevoflurane changes with age and, if so, to quantify the magnitude of the change.
PATIENTS AND METHODS
With local Ethics Committee approval and parental consent, we studied 20 unmedicated patients aged 3-5 yr (mean 4.31 yr), ASA physical status I and II. All patients were starved for approximately 4 h before operation. They were allocated randomly to four groups (Al, A2, A3 and A4) of five patients. Patients were monitored in our routine manner: arterial pressure, electrocardiogram and temperature.
Anaesthesia was induced with sevoflurane and oxygen using a semi-closed system with a fresh gas flow rate of 6 litre min" 1 . The trachea was intubated without the use of neuromuscular blocking drugs and the end-tidal concentration of sevoflurane was then reduced to a predetermined concentration and held constant for at least 15 min before skin incision.
We confirmed that the inspired-to-alveolar gradient was less than about 10 % at the time of skin incision. The end-tidal concentrations of carbon dioxide were measured continuously and were in the range 4.0-6.0 kPa during the study. The rate and depth of manual ventilation were adjusted so that adequate end-tidal sampling of end-tidal gas could be performed. Rectal temperature was 36.0-37.5 °C in all patients. Gas samples were collected via a Teflon catheter placed at the distal end of the tracheal tube at a rate of 100 ml min"
1 . The concentrations of sevoflurane, carbon dioxide and oxygen were measured continuously using a mass spectrometer (PerkinElmer MGA1100; Perkin-Elmer, Pomano, CA). The mass spectrometer used to measure the concentration of sevoflurane was calibrated with known concentrations of 2.80%, 1.86% and 0.93% sevoflurane in air. The concentrations of sevoflurane were verified by calibration with a gas chromatograph (Shimazu GC-9A; Shimazu, Kyoto, Japan).
The patient's response to skin incision was reported as movement or non-movement. We considered movement to include gross purposeful muscular movement, usually of the head or extremities, but breath-holding, bucking or grimacing were not considered to be movement [1] .
The technique used to calculate MAC was adapted from Waud [5] . The doses selected and the sizes of the group were predetermined to estimate standard error. The end-tidal concentration of sevoflurane held constant for more than 15 min was 2.18-2.25% (2.21 SD 0.03)% in group Al, 2.42 (0.04)% in group A2, 2.65 (0.04)% in group A3 and 2.93 (0.03)% in group A4. Individual observations were fitted to a logistic curve by an iterative technique based on a Taylor series expansion. Analyses were performed with a PASCAL program that furnished median and slope values with SE and an expression for the bestfitting logistic curve. AD 95 was calculated directly from the expression for the best-fitting logistic curve.
RESULTS
No patient had an ECG abnormality, severe hypotension, hypothermia or hyperthermia. The percentage of patients within each group who did not move was plotted against the group's mean end-tidal concentration of sevoflurane. The dose-response curve was derived directly from individual data in table I: probability of non-movement (not responding to skin incision) (P for response) plotted against logarithm of the end-tidal concentration of sevoflurane. MAC, the concentration at which probability of nonmovement equals 0.5, is 2.49 (SE 0.08)%. AD 95 , the concentration at which 95 % of patients do not move in response to skin incision, is 2.88%. The slope of the logistic curve is.19.96 (0.14).
Data are shown in table I. In our group of children (mean age 4.31 yr), the MAC of sevoflurane was 2.49 (0.08)%, AD 95 was 2.88% and the slope of the logistic function was 19.96 (0.14) ( fig. 1) . DISCUSSION We have assumed that end-tidal sevoflurane concentration reflected the arterial (brain) partial pressure of sevoflurane. The end-tidal concentration was kept constant for a minimum of 15 min, thus assuring that the partial pressure of sevoflurane in brain equilibrated with that in arterial blood. The endtidal anaesthetic partial pressure reflects arterial anaesthetic partial pressure when the difference between inspired and end-tidal concentration is small [6] . Sevoflurane has a small blood/gas partition coefficient of 0.60 [7] or 0.69 [8] (similar to that of nitrous oxide), and is less soluble than the other, more potent agents used currently in clinical practice. Thus the difference between inspired and endtidal concentrations decreases rapidly. In addition, the percentage of blood flow which perfuses vessel rich tissues is greater in children than in adults. As a result, these tissues are saturated rapidly with anaesthetic and the rate of decrease in inspired endtidal difference is enhanced. In contrast, the small tidal volume in children results in the possibility that end-tidal gas may be contaminated with inspired gas. In this study end-tidal concentration was kept constant and an inspired concentration greater than alveolar may have falsely increased the true alveolar concentration. The inspired-to-alveolar gradient was less than about 10% in this study. Under these conditions, with as much as 10% contamination of alveolar gas with inspired gas, the measured endtidal partial pressure would be less than 2.5% greater than true alveolar (arterial) partial pressure [6] .
We used Waud's technique to calculate MAC. This technique was first adapted to determine MAC values by de Jong and Eger [2] . Although the values calculated agreed almost exactly with previously published MAC values, the SE of these values were underestimates because they failed to randomize or predetermine the doses obtained retrospectively from the studies by other investigators. Therefore we predetermined the doses and the sizes of the group in order to provide a true estimate of SE.
Many studies have suggested that children require greater concentrations of inhalation anaesthetics than adults [4, 9] . In this study, we found that, as for other inhalation anaesthesia, children required greater minimum alveolar concentration for sevoflurane anaesthesia. We reported previously that the MAC of enflurane in children aged from 3-6 yr was 2.39% [10] and that of sevoflurane in adults (mean age 47.5 yr) was 1.71 % [11] . Scheller, Partridge and Saidman reported MAC of sevoflurane was 2.05% for North American adults (mean age 38 years) [12] . A difference in age of the subjects between these two studies is a likely explanation for this discrepancy; racial difference is a possible but minor cause. Gion and Saidman reported an MAC for enflurane in adults (mean age 39 yr) of 1.68% [13] . The MAC for isoflurane was reported to be 1.60% in children (aged 3-5 yr) [14] , 1.15% in adults of mean age 44.2 yr and 1.05% in adults of mean age 64.0 yr [4] . If MAC for sevoflurane also varied with age in the same relationship as that of enflurane or isoflurane, we would expect the MAC for sevoflurane in children to be 2.45% (from the enflurane study) or 2.44% (from the isoflurane study)-close to that found-2.49 %. Gregory, Eger and Munson reported that the MAC for halothane was 0.76% for adults (mean age 42 yr) and 0.91 % for children (mean age 4.1 yr) [15] . This same study would suggest that the MAC for sevoflurane in children is 2.05%. We have no explanation for the difference between this calculated value and our measured value of 2.49%.
